C ompelling evidence and current guidelines recommend treatment with intravenous (IV) thrombolysis for eligible patients with acute ischemic stroke, [1] [2] [3] but recent reports suggest that fewer than 5% of all patients with ischemic stroke receive thrombolytics. 4 Mild or rapidly improving stroke symptoms are the most common reasons for lack of treatment in otherwise eligible patients, present in 31% to 43% of patients who arrive within 3 hours of symptom onset.
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Although thrombolytic administration in patients with mild stroke has increased during the last decade in the United States, 9 the efficacy and safety outcomes of thrombolysis in mild stroke remain poorly understood, as only small series are available.
The objectives of this study were to characterize treatment complications and short-term outcomes of patients with mild acute ischemic stroke treated with IV recombinant tissue plasminogen activator (rtPA) within 4.5 hours from symptom onset in the Get With the Guidelines-Stroke (GWTG-Stroke) registry and to analyze complications and outcomes by treatment window (0-3 vs 3-4.5 hours). Secondarily, we aimed to determine the proportion of mild strokes treated with thrombolytics.
Methods
The GWTG-Stroke registry, designed as a quality improvement registry and sponsored by the American Heart Association, is used by almost 1700 hospitals across the United States. Trained hospital personnel use an Internet-based tool (Quintiles Outcome) to enter deidentified data into the GWTG-Stroke registry. The Duke Clinical Research Institute serves as the data analysis center. The Duke Clinical Research Institute has institutional review board approval to analyze these data; the University of Miami Institutional Review Board also approved this analysis. This retrospective analysis of previously collected data does not require informed consent as all data are deidentified.
The study population included GWTG-Stroke registry participants with a final diagnosis of acute ischemic stroke admitted between May 1, 2010, and October 1, 2012 (n = 574 342 from 1682 hospitals). We excluded patients from hospitals that had less than 75% completion on medical history variables, which reflects suboptimal documentation (n = 19 288); those who arrived beyond 4.5 hours from symptom onset (n = 407 137); those not treated with IV rtPA (n = 108 096); those with a National Institutes of Health Stroke Scale (NIHSS) score higher than 5 (n = 28 402); those missing an NIHSS score (n = 3176); those who did not arrive through the emergency department or were not discharged from the same hospital, which limits the availability of baseline information and discharge outcomes (n = 1922); and those with a time to treatment that was longer than 4.5 hours or missing (n = 411). A total of 5910 patients from 966 hospitals were included.
The characterization of mild stroke as an NIHSS score between 0 and 5 is based on the commonly accepted practice of using this range to exclude patients from acute treatment trials [10] [11] [12] and to define mild stroke in population-based studies. 13 The GWTG-Stroke hospitals are instructed to record the first NIHSS score obtained; subsequent changes in the degree of disability are not recorded. The study population was described with respect to demographic characteristics, insurance, arrival and admission data, medical history, vital signs at presentation, laboratory test results, prior medication use, initial examination findings (GWTG-Stroke collects the baseline NIHSS score and separately collects 4 reported stroke symptoms: weakness or paresis, aphasia, altered consciousness, and other symptoms), in-hospital treatments, acute care (involvement of the neurology service, involvement of a stroke team, or admission to a stroke unit), hospital characteristics and quality measures, treatment complications, and short-term outcomes of interest stratified by treatment window (0-3 vs 3-4.5 hours). Stroke unit care was defined according to the Brain Attack Coalition recommendations.
14 Treatment complications were coded in the following manner: (1) symptomatic intracerebral hemorrhage (ICH): brain hemorrhage confirmed by computed tomography within 36 hours of IV rtPA and physician's notes indicating clinical deterioration due to the hemorrhage; (2) lifethreatening or serious systemic hemorrhage: bleeding within 36 hours of IV rtPA requiring transfusion of more than 3 units of blood; (3) other serious complications: complications unexpected or out of proportion to the patient's expected course, documented as complications of reperfusion therapy such as rapid development of malignant edema, angioedema, or recurrent stroke, and requiring additional medical interventions or prolonged length of stay (LOS); and (4) complications of undetermined cause: worsening stroke symptoms after thrombolysis without definitive evidence to classify the nature of the complication and without death. Short-term outcomes at discharge included discharge to home, ability to walk independently, LOS, and in-hospital mortality. For the outcome of independent ambulation, we restricted the population to those with documented ability to ambulate independently at baseline. In a separate analysis, we described the proportion of mild strokes among all patients treated with IV rtPA during the same 29-month study period, including all patients treated with IV rtPA 4.5 hours or sooner from symptom onset and with a documented baseline NIHSS score, excluding hospitals with less than 75% completion of medical history variable documentation.
We Most variables had missing values in fewer than 5% of cases, except the following categories: symptoms at presentation (18.0%), mode of emergency medical services arrival (9.8%), care unit (14.5%), and medications prior to admission (11.3%-12.4%) except cholesterol reducer. Missing data were imputed to the dominant category for categorical variables and to the median for continuous variables. Missing insurance status for those aged 65 years or older was imputed to Medicare. Missing hospital variables such as teaching status and number of beds (<2%) were excluded.
Results
The baseline patient and hospital characteristics of the 5910 patients from 966 hospitals are described in Table 1 . Overall, 98.2% arrived within 3 hours of onset; 78.6% were treated in the 0-to 3-hour window and 21.4% in the 3-to 4.5-hour window. The time from symptom onset to treatment was about 1 hour longer for those treated in the 3-to 4.5-hour window (P < .001). Patients treated in the first 3 hours more commonly were older (P < .001), were men (P = .02), were nonHispanic white (P = .03), had more atrial fibrillation (P < .001), had more dyslipidemia (P = .003), were more likely to be taking prophylactic medications (anticoagulant, P = .01; antihypertensive, P = .001; antilipidemic, P = .02), and were more likely to arrive by ambulance (P < .001). However, the NIHSS score was similar for those treated in the early and extended windows (P = .31).
Treatment complications and discharge outcomes are detailed in Table 2 . Mortality was 1.3%, 1.8% had symptomatic ICH, 0.2% had life-threatening or serious systemic hemorrhage, 1.8% had other serious complications, and 2.4% had complications of undetermined cause. However, 29.4% of patients could not be discharged directly home, 30.3% were not able to ambulate independently, and 73.0% had LOS of 3 days or longer. The outcome of independent ambulation at discharge was similar for the 2 treatment windows (0-3 vs 3-4.5 hours) among those with documented ability to ambulate independently prior to the index stroke only (P = .72) and in a sensitivity analysis including those with missing or undocumented baseline ambulation. There were no differences in short-term outcomes and treatment complications among those treated at 0 to 3 hours compared with those treated at 3 to 4.5 hours, except for a lower rate of treatment complications of undetermined cause in those treated in the 0-to 3-hour window than in the 3-to 4.5-hour window (2.1% vs 3.3%, respectively; P = .01). When outcomes were categorized by NIHSS score (Table 3) , worse discharge outcomes were noted with increasing NIHSS score, but symptomatic ICH and other treatment complications were similar across this range of NIHSS scores.
Multivariable-adjusted associations between covariates and select discharge outcomes and treatment complications are provided in Table 4 . Only covariates with significant associations are included. Heart failure and altered consciousness on arrival were strongly associated with in-hospital mortality (odds ratio [ Older age, being African American, history of diabetes mellitus, arrival by ambulance, arrival at off hours, worse stroke severity, and hemiparesis were independently associated with inability to be discharged home and/or inability to ambulate (Table 4) .
During the study period, GWTG-Stroke hospitals collectively treated 36 552 patients with IV rtPA within 4.5 hours from symptom onset, of whom 33 995 had a documented baseline NIHSS score. Of these 33 995 patients, 7621 (22.4%) had a baseline NIHSS score between 0 and 5. Conversely, among all patients with a baseline NIHSS score between 0 and 5 who arrived at the hospital within 4.5 hours from symptom onset, only 13.5% received IV rtPA.
Discussion
We have characterized a cohort of patients with mild stroke treated with IV rtPA, of whom one-fifth were treated in the expanded treatment window of 3 to 4.5 hours. To our knowledge, this is the largest report of patients with mild stroke who received thrombolysis. This report adds to the characterization of mild treated strokes as most prior data come from small series. There is a paucity of data from randomized clinical trials on the efficacy and safety of IV rtPA in this population. For example, a total of 108 patients with an NIHSS score of 5 or less received thrombolytics in the National Institute of Neurological Disorders and Stroke and European Cooperative Acute Stroke Study 3 trials combined, 15,16 while 304 were treated in the third International Stroke Trial. 17 A recent pooled analysis of individual patient data from randomized trials showed better outcome in patients with mild ischemic stroke (NIHSS score 0-4) treated with rtPA (OR = 1.48; 95% CI, 1.07-2.06); however, only 9.9% of enrolled patients had mild stroke.
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The relatively low complication rates associated with use of IV rtPA in mild stroke, with a symptomatic ICH rate of 1.8% and systemic hemorrhage rate of 0.2%, are an important finding in this study. Treatment complications were similar between the 0-to 3-hour and 3-to 4.5-hour windows except those of undetermined cause, which were more common in the 3-to 4.5-hour window than in the 0-to 3-hour window (3.3% vs 2.1%, respectively; P = .01), and treatment complications were similar across all 6 NIHSS categories studied. The symptomatic ICH rate of 1.8% is much lower than in patients enrolled in clinical trials with a higher NIHSS score, where it has been reported to be 6.4% to 7.9%. 1, 2, 19 While the definition of symptomatic ICH used in GWTG-Stroke is not identical to the National Institute of Neurological Disorders and Stroke criteria, 1, 20 it is similar and reasonably comparable. In smaller series of mild stroke treated with IV rtPA (27-488 patients), the risk of symptomatic ICH varied from 0% to 5%, 10, [21] [22] [23] [24] [25] [26] [27] [28] and similar to our results, no increased risk was found in those treated in the extended window.
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We identified a higher risk of thrombolytic treatment in older individuals, with an OR of 1.35 (95% CI, 1.12-1.63) for symptomatic ICH for each 10 years of age, consistent with the known risk of symptomatic ICH was also found in those presenting with altered level of consciousness and in patients with a history of carotid stenosis, although it should be noted that 2.7% had a history of carotid disease, 6.6% had altered consciousness at presentation, and there was a high rate of missing presentation symptoms. While altered consciousness is not normally associated with mild stroke, one could envision scenarios in which altered consciousness was present on arrival but improved rapidly prior to the first NIHSS score being obtained. Care in a stroke unit and history of dyslipidemia were associated with a lower risk of symptomatic ICH. Stroke unit admission was present in only two-thirds of patients, although care in a specialized unit has been clearly shown to reduce complications and improve outcomes and is recommended for all patients who have received thrombolysis. 3 However, it should be recognized that patient trajectories across different units in the hospital (emergency department, intensive care unit, stroke unit, general ward, and rehabilitation) are complex and influenced by various patient-related factors as well as hospital resources, and the nomenclature of units may vary across institutions. The association with dyslipidemia deserves further discussion. In GWTGStroke, a history of dyslipidemia is based on self-report, prior documentation, or the use of antilipidemic medication. Our results also demonstrate that a significant proportion of patients with mild stroke treated with IV rtPA have suboptimal outcomes at discharge. Overall, 30.3% did not achieve independent ambulation by discharge, 29.4% could not return directly home, 73.0% had a prolonged LOS of 3 days or longer, and 1.3% died. With the exception of death, these short-term outcomes were worse with increasing NIHSS score, reflecting greater stroke severity. A small number of patients with an NIHSS score of 0 were treated; this is probably related to the inability of the NIHSS to capture certain cerebellar and brainstem symptoms. 35 In addition, as the GWTG-Stroke registry records only 1 point of stroke severity assessment at baseline, it is possible that some patients may have worsened before treatment. However, treatment in the extended window of 3 to 4.5 hours resulted in outcomes similar to those treated earlier. Others have reported similar short-term outcomes. 36 Longer-term poor outcomes, defined as a modified Rankin Scale score of 2 to 6 at 3 months, have been reported in 17% to 42%, although these reports come from smaller series. 15, 21, 22, 24, 25, 27 Recent reports suggest that IV rtPA is associated with better delayed outcomes than controls.
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We found worse short-term discharge outcomes in older individuals, African American individuals, women, and those with diabetes mellitus, higher baseline NIHSS scores, reported altered level of consciousness on arrival, hemiparesis on arrival, arrival by ambulance, and arrival at off hours. These associations are expected as worse outcomes are expected in older and diabetic patients, while the arrival symptoms and mode of transportation probably reflect larger and more severe strokes.
There are many possible explanations for poor functional outcomes in mild stroke. First, a low NIHSS score does not exclude disabling symptoms 37 : isolated aphasia, hemianopsia, or monoplegia may result in a low NIHSS score but these symptoms may be disabling. Also, early progression of symptoms and infarct growth may affect 9% to 10% of those with minor stroke and are associated with large-vessel occlusion and hypoperfusion. [38] [39] [40] Moreover, early recurrence after rapid improvement has been described 41 ; this may represent vascular was not explained by symptomatic ICH; this was more frequent in the 3-to 4.5-hour treatment window. One may hypothesize that this low rate of worsening may correspond to a lower frequency of large-vessel occlusion. However, this cannot be ascertained from our data. Although we have characterized short-term outcomes in mild stroke, the long-term outcomes have not yet been well studied in a large controlled cohort. As most individuals who go to rehabilitation achieve their highest level of independence at 12 weeks, 44 3-month outcome is a better measure of disability. As noted, smaller series have reported on the modified Rankin Scale, the most common outcome measure used in stroke studies, but this scale has limitations such as high interrater variability 45 and unequal disability weight for each level of the scale. 46 Also, it does not interrogate quality of life and activities of daily living and therefore may not capture the full range of disability associated with mild stroke. 47, 48 We did not compare the outcomes of patients with mild stroke treated with rtPA with the outcomes of those who were not treated, owing to the important selection bias introduced by treatment decisions for which we cannot adequately adjust because of measured and unmeasured residual confounding. This will require randomized prospective trials such as the Potential for rtPA to Improve Stroke With Mild Symptoms study (PRISMS; clinicaltrials.gov identifier NCT02072226). The PRISMS trial and the Mild and Rapidly Improving Stroke Study (MaRISS; clinicaltrials.gov identifier NCT02072681), an observational study, will provide detailed multidimensional measures of the dynamic nature of mild stroke and the longer-term outcomes that will discern the impact and full range of disability associated with mild stroke. Limitations of this study include those associated with registry-derived data. Hospital participation in the GWTG-Stroke registry is voluntary, and it is possible that our population does not fully reflect the experience across the United States. Indeed, a larger proportion of patients in our sample was treated at teaching hospitals compared with a nationwide inpatient sample. 49 However, GWTG-Stroke is used by 1 in 3 acute care hospitals, and with more than 3 million patient entries, it encompasses 1 in 4 strokes in the country. Moreover, prior studies with linkage to national Medicare data suggest that data from the GWTG-Stroke registry are representative of the national Medicare stroke population. 50 Another limitation is that we have only 1 fixed point of stroke severity assessment, and some patients with mild stroke may have had more or less severe deficits prior to the baseline recorded NIHSS score and rtPA administration. Residual measured or unmeasured confounding may have influenced the findings. This study also has important strengths that need to be underscored. To our knowledge, this is the largest study to date of mild stroke treated with IV rtPA. It carefully delineates the factors associated with poor discharge outcomes and expands prior reports 8 by including those treated in the expanded window of 4.5 hours. 51 The period of data collection (2010) (2011) (2012) and the large number of hospitals provide a current representation of the characteristics and outcomes of this population in the United States.
Conclusions
We have described the treatment complications and shortterm outcomes and identified baseline predictors of outcomes in mild stroke treated with thrombolytics. The efficacy of thrombolytics in this population cannot be discerned from our study, for which randomized studies are needed. However, given the significant proportion of treated mild stroke and real-world safety and outcomes observed, our results provide reassurance about the safety of IV rtPA in patients with low NIHSS scores.
